Abstract. The effect of hyperglycemia on insulin-induced glucose metabolism (M) was investigated in healthy subjects using sequential clamp protocols at constant insulin + somatostatin infusions and varying plasma glucose. During euglycemia 
. Since then a variety of protocols have been used differing with respect to the glucose levels aimed at or to the insulin infusion rate. Using a sequential clamp protocol, insulin infusions can be given at differ¬ ent rates while maintaining euglycemia (Rizza et al. 1981) . If insulin then is plotted versus the clamp-derived glucose disposal rate (M), this re¬ sults in a typical sigmoid shaped dose-response curve suggesting that M is a function of the plasma insulin level. This is also seen during a hyperglycémie clamp protocol (Gottesman et al. 1984) . However, increasing the plasma glucose level at a constant insulin infusion rate increases M too, providing evidence that both insulin and glucose increase glucose utilization (Gottesman et al. 1984; Yki-Järvinen et al. 1987 (Doberne et al. 1981 ), this will affect the data during a prolonged clamp study. Therefore, euglycemic (Study 3A, = 5) and hyper¬ glycémie clamp studies (aiming at glucose: 9.5 mmol/1; previously (Müller et al. 1986 ). Plasma glucose was determined every 5 min and appropriate adjustment of the glucose levels was based on an empirical negative feedback algorithm. Plasma insulin and C-peptide were determined at -20 min and from time 0 up to the end of the protocols at 30-min intervals. Glucose kinetic data were determined as described previously (Müller et al. 1983 (Müller et al. , 1984 .
Analytical methods
Plasma glucose was determined by the glucose oxidase method (Glukostat, Beckman Instruments), labelled glucose according to Somogyi's procedure (Müller et al. 1983 (Müller et al. , 1984 . Plasma insulin and C-peptide concentra¬ tions were determined as described in a previous paper (Müller et al. 1986 ). Fig. 2 ). These increases were linear up to a plasma insulin level of about 1.3 nmol/1 but showed non-linearity at an insulin infusion rate of 27 pmol-kg"1-min"1 (Fig 2) . Linear (Fig. 3) . Increas¬ ing plasma glucose does not only increase the maximal response (12.4 vs 26.4 mg-kg"1-min"1 at 4.7 and 9.7 mmol/1, respectively), but also de¬ creased the Km (i.e. the insulin concentration causing a half maximum effect = 0.45 vs 0.29 nmol/1 (Fig. 3) . Role of hyperglycemia in insulin-induced glucose disposal rate at different insulin infusion rates.
Data from study 1, clamp data at aimed glucose concentration 4.9 ± 0.4 5.0 ± 1.9 2.97 ± 0.46* 0.48 ± 0.06* 12.5 ± 1.6 6.7 ±0.2* 3.4 ± 1.6 0.41 ±0.07* 0.42 ± 0.04* 9.7 ± 1.9* 6.6 ±0.2* 3.2 ± 1.3 0.62 ± 0.07* 0.51 ±0.21* 13.9 ± 1.8* mmol/1. Individual data were correlated and r-values were estimated to be 0.81 at 4.7 mmol/1, 0.67 at 6.7 mmol/1, and 0.67 at 9.7 mmol/1 (P < 0.001 and < 0.005). (180-240 min) mg-kg"1-min-1. Thus, M increased by 9 to 11% per h (Table 3) . During hyperglycemia and hyperinsulinemia (Study 3B) plasma C-peptide decreased and M increased from 13.3 (30-60 min) to 16.5 (180-240 min) mg-kg-1-min-1, which is an increase of about 6 to 10% per h (Table 3) .
Discussion
The essential findings of the present study are: insulin and hyperglycemia both increase glucose disposal rate (Table 2 , Fig. 1 ) and hyperglycemia increases insulin responsiveness and it decreases the insulin concentration causing a half maximal stimulation of glucose disposal (Figs. 2 and 3 ).
Concerning the former results our data confirm previous studies using different clamp protocols (Best et (Doberne et al. 1981; DeFronzo & Ferrannini 1982; Proietto et al. 1983; Radziuk & Lickley 1985) . This concept has been questioned recently (Gottesman et al. 1984) . Our data clearly show that neither M, the M/I-ratio, the MCR for glucose nor the insulin sensitivity index are independent of the plasma glucose level ( (Ferrannini et al. 1985) . Since (Ferrannini et al. 1985) .
With respect to intracellular metabolic events, glucose is metabolized via oxidative and/or nonoxidative pathways of intermediary metabolism. Insulin increases glucose oxidation as well as glu¬ cose storage (Seitz et al. 1977a,b) . Oxidation and storage equally contribute to total glucose disposal under postabsorptive and near physiologic hyperinsulinemic conditions, whereas further in¬ creasing plasma insulin as well as hyperglycemia both increase glucose disposal by mainly stimula¬ ting non-oxidative metabolism (Jacot et al. 1982 
